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摘 要 
i 
摘 要 
自从1985年C60被发现以来，人们一直致力于富勒烯新物种的发现和表征，
以及它们的物理和化学性质在各个领域的应用。具有独立五元环的富勒烯如C60、
C70等已经能够大量合成，而具有相邻五元环的非经典富勒烯，由于非常不稳定，
只能以衍生化的形态合成、分离和表征。 
石墨电弧法实现了C60等经典富勒烯的宏量合成，苯燃烧法则实现了规模化
生产。对于非经典富勒烯，如果能够通过燃烧的方法生产，则也可能实现大量生
产。为了探索合成非经典富勒烯的途径，本工作在自制的玻璃燃烧装置上进行苯
氧低压扩散燃烧实验，另外还在石墨电弧条件下掺入不同量的苯进行放电，获得
的烟灰提取物。通过Buckyprep-M柱、Buckyprep柱以及5PBB柱进行色谱分离，
获得以下结果。 
从燃烧的产物提纯得到了（环戊[bc]六苯并苯）C26H12、（苯并芘酮）C19H10O
的晶体，进行了晶体结构分析。C26H12是含有一个五元环的多环芳烃，分子呈C2v
对称，分子通过C-H…π作用堆积。C19H10O是一个多环芳酮分子，呈C2v对称结构，
分子间通过π-π堆积作用。同时，还对其他一些多环芳烃（酮）进行了核磁、质
谱、光谱等表征，并对所得的多环芳烃（酮）进行了荧光量子产率的测定。从燃
烧产物中分离的富勒烯除了C60、C70外，还有经典的富勒烯氢化物，如C60H4、
C60(C14H10)，以及非经典的富勒烯氢化物及其他非经典的富勒烯，如C60H8、C64H4
等，通过质谱、光谱、核磁等，对这些得到的物质进行相关的表征。 
电弧的产物主要也是多环芳烃（酮）和富勒烯，多环芳烃（酮）基本和燃烧
产物相同。电弧产物中的富勒烯，除了发现在燃烧中含有的C64H4、C60(C14H10)
外，我们还发现了其他C60和C70的富勒烯衍生物，如C60(C7H7)2、C70(C22H16)、
C70(C20H14)等。通过质谱、光谱、核磁等手段表征，但是，还不能确定其结构是
否为非经典的富勒烯。 
通过比较两种方法合成富勒烯，我们发现，燃烧法更加倾向于得到C60的氢
化富勒烯，如C60H4、C60H8等；而电弧法则更加倾向于得到更高碳数的富勒烯及
衍生物，如C64H4、C70(C22H16)、C70(C20H14)等。两种方法合成富勒烯及衍生物的
机理，值得我们继续研究。 
关键词：富勒烯；非经典富勒烯；燃烧合成；电弧合成 
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Abstract 
Since the discovery of C60 in 1985, the effort of scientists have been devoted to the 
discovery and characterization of new species of fullerenes, as well as the physical 
and chemical properties and their applications in a wide range of fields. The fullerenes 
obeying the isolated pentagon rule, such as C60 and C70 etc., can be produced in bulk 
already. For the non-classical fullerenes with abutting pentagons, so they were 
synthesized in a derivatization status to be separated and characterized because of 
their instabilities. 
However, synthesis in macroscopic quantities is required for further understand 
and application of these fullerenes. The classical fullerenes such as C60 can be 
synthesized macroscopically from the arc method, while the flame method can realize 
the continuous production in industrial scale. If non-classical fullerenes can also be 
formed from flame, the largely synthesizing of the non-classical fullerenes is possible. 
For the exploration of the largely synthesizing of the non-classical fullerenes, the 
present works synthesized fullerenes in benzene/oxygen flame at reduced pressure, 
which was performed using the homemade glass setup. Besides, we also synthesized 
the soot by arc method with different amount of benzene. The extract of the soot are 
separated mainly performed on Buckyprep-M column, Buckyprep column and 5PBB 
column, and obtained the following results. 
From the combustion products, we got the crystal of (cyclopenta[bc]coronene) 
C26H12 and (6H-Benzo[cd]pyren-6-one) C19H10O. C26H12 is a polycyclic aromatic 
hydrocarbon (PAH) with a pentagon ring, which is a C2v symmetrical molecule and 
through the role of C-H…π stacking. C19H10O is a polycyclic aromatic ketone (PAK) 
that also a C2v symmetrical molecule and through the role of π-π stacking. Meanwhile, 
some other PAHs and PAKs were identified by mass spectra and UV spectra, and 
detected the fluorescence quantum yield for the PAHs and PAKs that we obtained. 
Besides C60 and C70, we obtained some classical fullerenes, such as C60H4, 
C60(C14H10), some non-classical fullerenes and derivatives, such as C60H8, C64H4 and 
so on, which were all characterized by Mass spectrum (MS) and UV spectrum and 
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nuclear magnetic resonance (NMR). 
The products of arc are also mainly PAHs、PAKs and fullerenes. And the PAHs 
(PAKs) are mostly the same with the flame soot. But the fullerenes in the arc products, 
besides the C64H4, C60(C14H10) were also found in the combustion soot, we also found 
the different kind of C60 and C70 fullerene derivatives, such as C60(C7H7)2, C70(C22H16), 
C70(C20H14) and so on, which were characterized by Mass spectrum (MS) and UV 
spectrum and nuclear magnetic resonance (NMR), but we can not make sure whether 
they were non-classical fullerenes. 
Comparing the flame method and the arc method to synthesis the fullerene 
hydrides, we discover that, combustion method was found to be more inclined to 
synthesis hydrogenated C60 fullerenes, such as C60H4, C60H8, etc.; and arc method to 
be more inclined to synthesis the higher number carbon fullerenes and derivatives, 
such as C64H4, C70(C22H16), C70(C20H14) and so on. These two methods mechanism for 
synthesizing fullerenes and derivatives are still worthy of our study in future.  
 
Key words: fullerenes; non-classical fullerenes; flame synthesis; arc synthesis. 
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